Evidence for a modulatory effect of external potassium ions on ionic current mediated by the cardiac Na+-Ca2+ exchanger.
The aim of this study was to investigate whether or not the activity of the cardiac Na(+)-Ca(2+) exchanger might be directly sensitive to external K(+) concentration ([K(+)](e)). Measurements of whole-cell exchanger current (I(NaCa)) were made at 37 degrees C from guinea-pig isolated ventricular myocytes, using whole-cell patch clamp recording with major interfering conductances blocked. Changing [K(+)](e) from 0 to 5mM significantly reduced both outward and inward exchange currents in a time-dependent manner. Various [K(+)](e) between 1 and 15 mM were tested and the inhibitory effect was observed to be concentration-dependent. At steady-state, 5mM [K(+)](e) decreased the density of Ni(2+)-sensitive current by 52.8+/-4.3% (mean+/-S.E.M., n=6) and of 0Na0Ca-sensitive current by 39.0+/-4.4% (n=5). The possibility that the inhibitory effect of external K(+) on I(NaCa) might wholly or in part be secondary to activation of the sarcolemmal Na(+)-K(+) pump was investigated by testing the effect of K(+) addition in the presence of a high concentration of strophanthidin (500 microM). Ni(2+)-sensitive I(NaCa) was still observed to be sensitive to external K(+) (I(NaCa) decreased by 39.4+/-9.4%, n=4), suggesting that the inhibitory effect could occur independently of activation of the Na(+)-K(+) pump. The effect of external K(+) on I(NaCa) was verified using a baby hamster kidney (BHK) cell line stably expressing the cardiac Na(+)-Ca(2+) exchanger isoform, NCX1. Similar to native I(NaCa), NCX1 current was also suppressed by [K(+)](e). However, [K(+)](e) did not alter current amplitude in untransfected BHK cells. The effect of [K(+)](e) on I(NaCa) could not be attributed to simply adding any monovalent cation back to the external solution, since it was not reproduced by application of equimolar Li(+), Cs(+) and TEA(+). Rb(+), however, could mimic the effect of K(+). Collectively, these data suggest that external K(+) at physiologically and pathologically relevant concentrations might be able to modulate directly the activity of the cardiac Na(+)-Ca(2+) exchanger.